MicroRNA miR-181a 78 kDa glucose-regulated protein (GRP78/HSPA5/BiP) Stroke Heat shock protein Translational regulation MicroRNAs (miRNA) are short (~22 nt) single stranded RNAs that downregulate gene expression. Although recent studies indicate extensive miRNA changes in response to ischemic brain injury, there is currently little information on the roles of specific miRNAs in this setting. Heat shock proteins (HSP) of the HSP70 family have been extensively studied for their multiple roles in cellular protection, but there is little information on their regulation by miRNAs. We used bioinformatics to identify miR-181 as a possible regulator of several HSP70 family members. We validated GRP78/BIP as a target by dual luciferase assay. In response to stroke in the mouse we find that miR-181 increases in the core, where cells die, but decreases in the penumbra, where cells survive. Increased levels of miR-181a are associated with decreased GRP78 protein levels, but increased levels of mRNA, implicating translational arrest. We manipulated levels of miR-181a using plasmid overexpression of pri-miR-181ab or mimic to increase, and antagomir or inhibitor to reduce levels. Increased miR-181a exacerbated injury both in vitro and in the mouse stroke model. Conversely, reduced levels were associated with reduced injury and increased GRP78 protein levels. Studies in C6 cells show that if GRP78 levels are maintained miR-181a no longer exerts a toxic effect. These data demonstrate that miR-181 levels change in response to stroke and inversely correlate with levels of GRP78. Importantly, reducing or blocking miR-181a protects the brain from stroke.
Introduction
Chaperones play a key role in the organization of molecular, organellar, and cellular networks under both physiological and pathological conditions. The heat shock proteins of the 70 kDa molecular weight family (HSP70), including HSP72 (cytosol), GRP75 (mitochondria), and GRP78/BIP (endoplasmic reticulum; ER), are highly evolutionarily conserved and have been extensively studied. Studies, including those from our laboratory, show that all three of these HSP70 family members are protective in animal models of stroke (Hoehn et al., 2001; Kudo et al., 2008; Oida et al., 2008; Ouyang et al., 2011; Rajdev et al., 2000; Xu et al., 2009 Xu et al., , 2011 . GRP78 has numerous essential functions in the cell including participating in protein folding in the ER, the unfolded protein response, stress induced autophagy, cytoprotection and inhibition of apoptosis, and is central to both physiological and pathological conditions (Ni et al., 2011) . While strongly localized to the ER, recent work also demonstrates roles for GRP78 in additional cellular locations including the cytosol, and at the plasma membrane primarily in tumor cells (Ni et al., 2011) . Complete loss of GRP78 was shown to be embryonic lethal by day 3. Although animal studies to date have not distinguished the injury core compared to the surrounding penumbra when assessing GRP78 in models of focal ischemia, increases in Grp78 mRNA (Nakka et al., 2010) and protein (Morimoto et al., 2007) were reported in cortex and striatum after transient and permanent MCAO, respectively. In contrast, GRP78 protein was found to decrease in the hippocampus following global ischemia (Aoki et al., 2001) .
The discovery of microRNAs (miRNAs) has added a new level of posttranscriptional regulatory control to our understanding of the regulation of gene expression. Recently, changes in miRNAs with ischemic brain injury have been identified using miRNA profiling techniques in a rat middle cerebral artery occlusion (MCAO) model (Dharap et al., 2009; Jeyaseelan et al., 2007; Liu et al., 2010) and in forebrain ischemia (Yuan et al., 2010) as well as in stroke patients (Tan et al., 2009 
